Introduction
============

Glioblastoma is a common primary brain tumor that is devastating for the nervous system. Survival rate of recurrent glioblastoma is extremely low, and the prognosis after recurrence is very severe with a short progression-free survival (PFS) period and overall survival (OS).[@b1-cmar-10-2193] Recurrent glioblastoma is different from newly diagnosed glioblastoma, it is a more complex disease characterized by poor physical condition, reoperation, multiple radiotherapy, and chemotherapy.[@b2-cmar-10-2193]--[@b4-cmar-10-2193] However, chemotherapy remains crucial for patients who have relapsed after glioblastoma surgery.[@b5-cmar-10-2193],[@b6-cmar-10-2193]

Glioblastoma is a primary brain tumor with dense and messy vessels. There is evidence that angiogenesis inhibitors can increase the PFS period in newly diagnosed or recurrent glioblastoma patients, which is presumably achieved by inhibiting the formation of vessels dependent on VEGF and vascular permeability of the tumor.[@b7-cmar-10-2193],[@b8-cmar-10-2193] Therefore, it is believed that angiogenesis inhibitors are beneficial in inhibiting the growth of glioblastoma and improving the efficacy of radiotherapy and chemotherapy.[@b9-cmar-10-2193],[@b10-cmar-10-2193]

Bevacizumab is a humanized monoclonal antibody that targets VEGF-A and has been proposed as an available anti-angiogenic drug.[@b3-cmar-10-2193] Bevacizumab clears circulating VEGF and prevents VEGF from binding to receptors on the surface of endothelial cells, thereby inhibiting angiogenesis. Several Phase II clinical trials showed that bevacizumab has a marked response rate from 30% to 50% in patients with recurrent glioblastoma, prolonging PFS period and improving patients' quality of life.[@b11-cmar-10-2193]--[@b13-cmar-10-2193] However, these studies did not find a significant improvement in OS rates and long-term drug response rates. In some cases, researchers even imply that bevacizumab inhibited tumor growth in the short term, but promoted tumor growth in the long run.[@b8-cmar-10-2193],[@b14-cmar-10-2193] In recent years, many randomized controlled trials (RCTs) for bevacizumab combined with chemotherapy vs single-agent therapy in the treatment of recurrent glioblastoma have mushroomed, but the corresponding meta-analysis of these trials is rare.[@b13-cmar-10-2193],[@b15-cmar-10-2193]--[@b20-cmar-10-2193] Therefore, it is necessary to further explore the efficacy and safety of combination therapy in recurrent glioblastoma.

In this meta-analysis, we pooled data from previous high-quality RCTs to investigate whether the value of bevacizumab combined with chemotherapy for recurrent glioblastoma is superior to single-agent therapy in terms of efficacy and safety, and to explore the potential factors that might influence the efficacy and safety of combination therapy.

Methods
=======

Search strategy
---------------

Three major electronic databases including MEDLINE, Embase, and Cochrane databases were searched to identify relevant studies published from January 1980 to April 2018 by two independent investigators (ZQC and NX). The following search strategy was used for MEDLINE: (recurrent glioblastoma) AND (bevacizumab OR avastin) AND (RCT) NOT (animals). A similar search strategy was used for Embase and Cochrane databases. Reference lists of key articles were also screened from RCTs, post hoc analyses, reviews, comments, and meta-analyses to ensure no relevant articles were excluded.

Study selection and data collection
-----------------------------------

Only RCTs with recurrent glioblastoma patients treated with bevacizumab plus chemotherapy, bevacizumab, or chemotherapy alone were included in this meta-analysis. Studies where the intervention or control group did not receive chemotherapy or bevacizumab, but placebo, were excluded. Two independent investigators (ZQC and NX) scanned the titles and abstracts of all the studies to select applicable studies. Data on baseline characteristics of the included studies and outcome events were extracted independently by two investigators (ZQC and NX) ([Table 1](#t1-cmar-10-2193){ref-type="table"}).

Outcomes of interest and quality assessment
-------------------------------------------

The primary outcomes were the PFS and OS rates, secondary outcomes included objective response rate (ORR) and adverse events (AEs) (grade ≥3), the National Cancer Institute Common Terminology Criteria for Adverse Events version 4.0 was used to classify and grade AEs. The risk of bias of the included trials was assessed independently by two investigators (ZQC and NX) using Cochrane Collaboration's risk-of-bias tool. The risk-of-bias criteria included selection bias, performance bias, detection bias, attrition bias, reporting bias, and other potential biases. Each criterion was categorized as "low", "unclear", or "high" risk of bias.

Data synthesis and analysis
---------------------------

All data were calculated by two investigators (ZQC and NX) using STATA. HRs with 95% confidence interval (CI) were used to assess the time-to-event variables (OS and PFS), and the dichotomous outcomes (ORR and AEs) were analyzed as the ORs with 95% CI. All analyses were calculated using a random-effects model. In trials without direct HRs, Kaplan--Meier curves and follow-up period were used to calculate HRs.[@b21-cmar-10-2193] We used these methods to analyze a merged HR with 95% CI of the experimental group vs two control groups in one study. A *P*-value of \<0.05 was considered statistically significant. Heterogeneity was tested with *I*^2^ statistics. High heterogeneity was defined as *I*^2^ values \>50%. Sensitivity analysis of the effect of omitting each study, in turn, was performed to assess sources of heterogeneity.

Results
=======

Study selection and characteristics
-----------------------------------

A total of 1,383 titles and abstracts were identified by searching MEDLINE, Embase, and Cochrane Library databases, from which we obtained 35 records without duplicates and irrelevant records. After excluding protocols, post hoc analyses studies, meta-analyses, comments, and reviews, we identified seven RCTs and ultimately used 1,169 patients for meta-analysis ([Figure 1](#f1-cmar-10-2193){ref-type="fig"}). The baseline characteristics of the included trials are shown in [Table 1](#t1-cmar-10-2193){ref-type="table"}.

PFS
---

Six RCTs presented prolonged median PFS from experimental group compared to control group, except one RCT which showed the same PFS in both groups, as shown in [Table 1](#t1-cmar-10-2193){ref-type="table"}.[@b13-cmar-10-2193],[@b15-cmar-10-2193]--[@b20-cmar-10-2193] Combination of bevacizumab and other chemotherapy agent improved PFS significantly compared with treatment with bevacizumab or other chemotherapy alone (HR 0.65; 95% CI 0.57--0.74; *P*\<0.001). The heterogeneity test showed significant differences among studies (*I*^2^ =66.1%, *P*=0.007) ([Figure 2](#f2-cmar-10-2193){ref-type="fig"}). To detect the source of the statistical heterogeneity, sensitivity analysis was performed. The sensitivity analysis showed that one trial was highly sensitive[@b13-cmar-10-2193] ([Figure S1](#SD1-cmar-10-2193){ref-type="supplementary-material"}). After excluding this trial, the heterogeneity test showed insignificant differences among studies (*I*^2^ =39.7%, *P*=0.141) ([Figure S2](#SD2-cmar-10-2193){ref-type="supplementary-material"}). Combination of bevacizumab with chemotherapy also showed a significant PFS improvement when compared with bevacizumab or chemotherapy alone (HR 0.75; 95% CI 0.64--0.88; *P*\<0.001).

OS
--

All seven RCTs reported insignificant differences between experimental group and control group ([Table 1](#t1-cmar-10-2193){ref-type="table"}).[@b13-cmar-10-2193],[@b15-cmar-10-2193]--[@b20-cmar-10-2193] [Figure 3](#f3-cmar-10-2193){ref-type="fig"} shows the insignificant differences between bevacizumab combined with chemotherapy and bevacizumab or chemotherapy alone (HR 0.96; 95% CI 0.83--1.12; *P*=0.622) in OS. Moderate heterogeneity was observed in pooled trial studies (*I*^2^ =40.5%, *P*=0.121) ([Figure 3](#f3-cmar-10-2193){ref-type="fig"}). To detect the source of the statistical heterogeneity, sensitivity analysis was performed. The sensitivity analysis showed that all of the consolidated results were stable ([Figure S3](#SD3-cmar-10-2193){ref-type="supplementary-material"}).

ORR
---

In the meta-analysis of the seven trials, the bevacizumab combined with chemotherapy group showed significantly greater odds of ORR values (including complete response and partial response) (OR 2.1, 95% CI, 1.32--3.33, *P*=0.002) than bevacizumab or chemotherapy alone. However, moderate heterogeneity was observed in ORR (*I*^2^ =51.0%, *P*=0.057) ([Figure 4](#f4-cmar-10-2193){ref-type="fig"}). To detect the source of the statistical heterogeneity, sensitivity analysis was performed. The sensitivity analysis showed that all of the consolidated results were stable ([Figure S4](#SD4-cmar-10-2193){ref-type="supplementary-material"}).

AEs
---

Within the included studies, five presented the data of AEs.[@b13-cmar-10-2193],[@b15-cmar-10-2193],[@b16-cmar-10-2193],[@b18-cmar-10-2193],[@b20-cmar-10-2193] AEs of grade ≥3 are listed in [Table 1](#t1-cmar-10-2193){ref-type="table"}. As shown in [Figure 5](#f5-cmar-10-2193){ref-type="fig"}, bevacizumab combined with chemotherapy was associated with a significantly higher odds of high grade AEs (OR 1.85; 95% CI 1.26--2.71; *P*=0.002). However, moderate heterogeneity was identified in AEs (*I*^2^ =40.9%, *P*=0.148) ([Figure 5](#f5-cmar-10-2193){ref-type="fig"}). To detect the source of the statistical heterogeneity, sensitivity analysis was performed. The sensitivity analysis showed that all of the consolidated results were stable ([Figure S5](#SD5-cmar-10-2193){ref-type="supplementary-material"}).

Subgroup analyses
-----------------

Subgroup analysis was performed to examine the influence of bevacizumab use on the control group and the rate of corticosteroid drug use. We found that some results of the subgroup analysis were different from those of the overall analysis. For AEs, there were insignificant differences between the two arms when bevacizumab was used in the single-agent therapy subgroup (*P*=0.058). Additionally, in the low corticosteroid use rate at baseline (N\<50%) subgroup, ORR (*P*=0.108) and AEs (*P*=0.134) showed insignificant differences between the two arms. Other results of subgroup analysis were similar to the overall analysis. Bevacizumab single-agent treatment control group showed a significant increase in PFS (*P*=0.001, [Table 2](#t2-cmar-10-2193){ref-type="table"}) and ORR (*P*=0.019, [Table 2](#t2-cmar-10-2193){ref-type="table"}). Non-bevacizumab single-agent treatment control group showed a dramatic PFS improvement (*P*\<0.001, [Table 2](#t2-cmar-10-2193){ref-type="table"}), better odds of ORR (*P*\<0.001, [Table 2](#t2-cmar-10-2193){ref-type="table"}), and higher odds of high grade AEs (AEs ≥3) (*P*\<0.001, [Table 2](#t2-cmar-10-2193){ref-type="table"}). In addition, when the rate of corticosteroid drug use (patients used corticosteroid drug/total patients) was less than 50%, PFS showed an apparent improvement (*P*\<0.001; [Table 2](#t2-cmar-10-2193){ref-type="table"}). However, when the rate of corticosteroid drug use was greater than 50%, PFS showed significant but little improvement (*P*=0.029; [Table 2](#t2-cmar-10-2193){ref-type="table"}), better odds of ORR (*P*=0.016, [Table 2](#t2-cmar-10-2193){ref-type="table"}), and greater odds of high grade AEs (AEs ≥3) (*P*=0.017, [Table 2](#t2-cmar-10-2193){ref-type="table"}).

Quality of the included studies
-------------------------------

Full details about the risk of bias of the included studies are shown in [Figure 6](#f6-cmar-10-2193){ref-type="fig"}. For random sequence generation, the risk of bias of three trials was unclear. For allocation concealment, the risk of bias of all seven trials was unclear. For the blinding of outcomes assessment, the risk of bias was high in three studies and unclear in three studies. Apart from these three items, no high or unclear risk of bias was observed in any of the other items.

Discussion
==========

Based on the data gathered from seven published RCTs, our present meta-analysis showed that bevacizumab combined with chemotherapy was superior to single-agent therapy in terms of PFS and ORR as treatment for recurrent glioblastoma. However, combination therapy did not improve OS compared to single-agent therapy and could even lead to higher odds of AEs (grade ≥3). Analysis of the PFS and OS of the two subgroups (single-agent therapy \[bevacizumab / non-bevacizumab\] and corticosteroid use rate higher than 50%) obtained the same conclusion as the overall analysis. However, in the subgroup of corticosteroid use less than 50%, combination therapy did not offer a greater ORR. In the single-agent therapy using bevacizumab and the corticosteroid use lower than 50% subgroups, combination therapy did not show significantly higher odds of AEs compared with single-agent therapy.

In a previous meta-analysis,[@b22-cmar-10-2193] bevacizumab combined with chemotherapy for glioblastoma results were published. The meta-analysis of four RCTs included one newly diagnosed glioblastoma trial and three recurrent glioblastoma trials. In that meta-analysis, four clinical trials were included to assess efficacy and safety of combination therapy. Their results presented that, compared to single-agent therapy, bevacizumab combined with chemotherapy improved PFS significantly in both newly diagnosed glioblastoma and recurrent glioblastoma patients (pooled HRs, 0.57, *P*=0.0008; 0.70, *P*=0.0005). However, the bevacizumab combined with chemotherapy did not prolong OS significantly (pooled HRs, 1.02, *P*=0.91; 0.98, *P*=0.85). These conclusions are consistent with our analysis which found that combination therapy improved PFS but did not prolong OS. In addition, two other meta-analyses also compared PFS and OS for combination therapy and single-agent therapy.[@b23-cmar-10-2193],[@b24-cmar-10-2193] Each of these two studies included radiotherapy and O^6^-methylguanine-DNA methyltransferase methylation status respectively. In the same way, their research showed similar conclusions to ours. However, these two meta-analyses included only RCTs that analyzed newly diagnosed glioblastoma. Our study included all RCTs of recurrent glioblastoma to obtain more concrete clinical evidence of treatment of recurrent glioblastoma using combination therapy. Simultaneously, we performed sensitivity analysis and subgroup analysis to further explore the differences between combination therapy and single-agent therapy.

Two other important indicators in the prognosis of glioblastoma are ORR and AEs. ORR can effectively reflect the efficacy of combination therapy and AEs can effectively reflect the safety of combination therapy. In our seven pooled RCTs, ORR of the combined treatment group was not superior to the single-agent treatment group in only one clinical trial.[@b16-cmar-10-2193] In the two most recent RCTs,[@b13-cmar-10-2193],[@b15-cmar-10-2193] the ORR of the combination therapy group was significantly better than the single-agent group. In our pooled RCT studies, five studies included AEs assessment. However, use of combination therapy showed more serious AEs than the single-agent group (OR 1.85; 95% CI 1.26--2.71; *P*=0.002). Frequent AEs may be associated with increased toxicity due to use of combination therapy.

We realize that we found heterogeneity in the extraction of PFS, OS, ORR, and AEs. We detected the source of heterogeneity through sensitivity analysis and subgroup analysis. In the sensitivity analysis, OS, ORR, and AEs' sensitivity were within the CI, whereas PFS analysis in a clinical trial[@b13-cmar-10-2193] was outside the CI and was considered highly sensitive. When we removed this study, the heterogeneity dropped from *I*^2^ =66.1% to *I*^2^ =39.7%, still indicating the superiority of the combination therapy compared to single-agent therapy. Why did the latest RCT study show higher sensitivity than other RCTs? In the clinical trial conducted by Wick et al in 2017, the PFS of combination therapy was significantly better than the single-agent therapy group. We suspect that this RCT study may be the only Phase III clinical trial which contained a larger sample size; other RCT studies were Phase II clinical trials. Improvements in drug production processes may also be a potential factor in improving efficacy.

Based on the baseline data from these RCTs, we found two key factors that probably influenced the results. One was whether bevacizumab was used as the single-agent therapy, the other one was whether more than 50% corticosteroid was used. We considered the two factors for subgroup analysis in our meta-analysis. We found that when bevacizumab was used in the single-agent therapy group, the AEs of the combined therapy group were insignificantly different from the single-agent group. Furthermore, the difference between the combination therapy and single-agent therapy groups became less obvious in ORR. It is not difficult to speculate that bevacizumab has a high contribution to ORR and AEs. When bevacizumab was not used in the single-agent therapy group, the difference between the two arms was significant, indicating that bevacizumab in the combination therapy group played a major role in treatment of recurrent glioblastoma. However, bevacizumab appears to be a double-edged sword that can bring about an increase in response rates and at the same time, raise the frequency of AEs. As Fine[@b8-cmar-10-2193] described in his article in the New England Journal of Medicine, although bevacizumab has its limitations, it is still an important therapeutic agent in the treatment of glioblastoma. In addition, in the corticosteroid used subgroup, we found that ORR and AEs of the combination therapy were not significantly different from single-agent therapy in the subgroup with corticosteroid use rate less than 50%. These results gave us insight that corticosteroid use may enhance the efficacy of combination therapy. Furthermore, corticosteroid use also increased the frequency of AEs, at the same time reducing the difference in PFS between the combination therapy and single-agent therapy groups. This finding showed that the use of corticosteroid may have the potential to shorten PFS in the combined treatment. In fact, this result was not surprising. Corticosteroid itself had the effect of reducing inflammation and brain edema, at the same time bringing about many AEs.[@b25-cmar-10-2193],[@b26-cmar-10-2193] In order to confirm this point of view, larger scale Phase III clinical trials and additional meta-analyses are needed.[@b25-cmar-10-2193]

This meta-analysis has some advantages. The seven RCTs included were large-scale, multicenter, Phase II or III trials that were well-performed.[@b13-cmar-10-2193],[@b15-cmar-10-2193]--[@b20-cmar-10-2193] The assessment of efficacy and safety of bevacizumab combination therapy of glioblastoma was highly reliable. In addition, we included sensitivity analysis and subgroup analysis to further explore the factors affecting the efficacy and safety of combination therapy.

The present meta-analysis still has several limitations that should be noted. First of all, we performed this analysis based on limited data. Only one of the seven RCTs was a Phase III clinical trial, which means that in order to obtain more conclusive results, we need more comprehensive, multicenter, large-sample randomized controlled clinical trials. Secondly, the chemotherapeutic drugs of combination therapy and single-agent therapy were not completely consistent. The dose and course of medication were not exactly the same. Lastly, there was a certain degree of heterogeneity in these RCTs' data, and the results inevitably have a certain degree of bias. However, these seven RCT studies are still reliable, and our results will be helpful for physicians in making informed decisions regarding the treatment of glioblastoma.

Conclusion
==========

The present meta-analysis indicated that bevacizumab combined with chemotherapy can significantly improve PFS and ORR, but did not prolong OS and can potentially lead to more incidents of AEs. In addition, bevacizumab may play a dominant role and corticosteroid may be an unfavorable factor in combination therapy as a treatment for recurrent glioblastoma. These conclusions provide concrete evidence for further research on bevacizumab combination therapy for recurrent glioblastoma.

Supplementary materials
=======================

###### 

Progression-free survival sensitivity analysis showed that first trial (Wick et al^1^ 2017) was highly sensitive and the remaining randomized controlled trials were within the CI.

###### 

The pooled HR of the progression-free survival outcomes after exclusion of highly sensitive trial (Wick et al^1^ 2017).

**Note:** The diamond indicates the estimated HR (95% CI) for all patients together.

###### 

Sensitivity analysis of overall survival showed that all of the consolidated results were stable.

###### 

Sensitivity analysis of object response rate showed that all of the consolidated results were stable.

###### 

Sensitivity analysis of adverse events (grade ≥3) showed that all of the consolidated results were stable.
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![The study search, selection, and inclusion process.\
**Note:** PRISMA adapted from Moher D, Liberati A, Tetzlaff J, Altman DG; The PRISMA Group. Preferred reporting items for systematic reviews and meta-analyses: The PRISMA Statement. *PLoS Med*. 2009;6(6):e1000097. For more information, visit [www.prisma-statement.org](http://www.prisma-statement.org).[@b27-cmar-10-2193]](cmar-10-2193Fig1){#f1-cmar-10-2193}

![The pooled HR of the progression-free survival outcomes.\
**Note:** The diamond indicates the estimated HR (95% CI) for all patients together.](cmar-10-2193Fig2){#f2-cmar-10-2193}

![The pooled HR of the overall survival outcomes.\
**Note:** The diamond indicates the estimated relative risk (95% CI) for all patients together.](cmar-10-2193Fig3){#f3-cmar-10-2193}

![The pooled OR of the ORR outcomes.\
**Notes:** The diamond indicates the estimated relative risk (95% CI) for all patients together. Weights are from random effects analysis.\
**Abbreviation:** ORR, objective response rate.](cmar-10-2193Fig4){#f4-cmar-10-2193}

![The pooled OR of the AEs (grade ≥3) outcomes.\
**Notes:** The diamond indicates the estimated relative risk (95% CI) for all patients together. Weights are from random effects analysis.\
**Abbreviation:** AEs, adverse events.](cmar-10-2193Fig5){#f5-cmar-10-2193}

![Risk of bias: a summary table for each risk of bias item for each study.](cmar-10-2193Fig6){#f6-cmar-10-2193}

###### 

Baseline characteristics of the included studies and outcome events in the meta-analysis

  Trial                                     Therapeutic center   Phase   Publication                                Drugs       Median age (years)   Male (%)   Dose                                                           ITT population   Median PFS (months)   Median OS (months)   ORR   AEs (grade ≥3)   MGMT   Corticosteroid (used)
  ----------------------------------------- -------------------- ------- ------------------------------------------ ----------- -------------------- ---------- -------------------------------------------------------------- ---------------- --------------------- -------------------- ----- ---------------- ------ -----------------------
  Wick et al[@b13-cmar-10-2193] 2017        38 institutions      III     *N Engl J Med*                             Bev + Lom   57.1                 60.4       Bev 10 mg/kg/2 ws + Lom 90 mg/m^2^/6 ws                        288/437          4.2                   9.1                  108   180              67     144
  Lom                                       59.8                 61.1    Lom 110 mg/m^2^/6 ws                       149/437     1.5                  8.6        19                                                             56               37                    71                                                 
  Balana et al[@b15-cmar-10-2193] 2016      23 institutions      II      *J Neurooncol*                             Bev + Tem   62.9                 64.6       Bev 10 mg/kg/2 ws + Tem 85 mg/m^2^/3 or 4 ws                   48/93            4.8                   10.6                 11    12               20     39
  Tem                                       62                   55.6    Tem 85 mg/m^2^/3 or 4 ws                   45/93       2.2                  7.7        3                                                              6                12                    34                                                 
  Cloughesy et al[@b16-cmar-10-2193] 2017   42 centers           II      *J Clin Oncol*                             Bev + Ona   57                   68.8       Bev 15 mg/kg/3 ws + Ona 15 mg/kg/3 ws                          64/129           3.9                   8.8                  12    25               21     10
  Bev                                       55                   60.0    Bev + Pla 15 mg/kg/3 ws                    65/129      2.9                  12.6       14                                                             23               26                    15                                                 
  Weathers et al[@b17-cmar-10-2193] 2016    Single center        II      *J Neurooncol*                             Bev + Lom   NC                   31.4       Bev 5 mg/kg/3 ws + Lom 90 mg/m^2^/6 ws                         35/71            4.34                  9.6                  10    NA               NC     NC
  Bev                                       NC                   33.3    Bev 10 mg/kg/2 ws                          36/71       4.11                 8.3        7                                                              NA               NC                    NC                                                 
  Field et al[@b10-cmar-10-2193] 2015       18 institutions      II      *Neuro-Oncology*                           Bev + Car   55                   56.7       Bev 10 mg/kg/2 ws + Car AUC 5/4 ws                             60/122           3.5                   6.9                  8     37               NC     50
  Bev                                       55                   53.2    Bev 10 mg/kg/2 ws                          62/122      3.5                  7.5        4                                                              36               NC                    46                                                 
  Taal et al[@b19-cmar-10-2193] 2014        14 hospitals         II      *Lancet Oncol*                             Bev + Lom   58/53                63.5       Bev 10 mg/kg/2 ws + Lom 110 mg/m^2^/6 ws                       52/150           4                     12                   19    NA               21     23
  Bev/Lom                                   58/56                60.4    Bev 10 mg/kg/2 ws / Lom 110 mg/m^2^/6 ws   98/150      3/1                  8/8        20                                                             NA               41                    49                                                 
  Friedman et al[@b20-cmar-10-2193] 2009    12 institutions      II      *J Clin Oncol*                             Bev + Iri   57                   69.5       Bev 10 mg/kg/2 ws + Iri 340 mg/m^2^/2 ws or 125 mg/m^2^/2 ws   82/167           5.6                   8.7                  31    52               NC     43
  Bev                                       54                   68.2    Bev 10 mg/kg/2 ws                          85/167      4.2                  9.2        24                                                             39               NC                    43                                                 

**Abbreviations:** AEs, adverse events; AUC, area under the curve; Bev, bevacizumab; Car, carboplatin; Iri, irinotecan; ITT, intention to treat; Lom, lomustine; MGMT, O^6^-methylguanine-DNAmethyltransferase; NA, not available; NC, not clear; PFS, progression-free survival; Pla, placebo; Ona, onartuzumab; ORR, object response rate; OS, overall survival; Tem, temozolomide; ws, weeks.

###### 

Subgroup analysis of PFS, OS, ORR, and AEs

                                                  PFS                 OS      ORR                 AEs (Grade ≥3)                                                   
  ----------------------------------------------- ------------------- ------- ------------------- ---------------- ------------------- ------- ------------------- -------
  1\. Bevacizumab in the control group was used                                                                                                                    
  Yes                                             0.76 (0.64, 0.90)   0.001   1.06 (0.86, 1.30)   0.605            1.58 (1.08, 2.30)   0.019   1.46 (0.99, 2.17)   0.058
  No                                              0.53 (0.44, 0.65)   0.000   0.87 (0.71, 1.08)   0.220            4.11 (2.50, 6.78)   0.000   2.68 (1.83, 3.93)   0.000
  2\. Corticosteroid drug was used, rate (%)                                                                                                                       
  N\<50                                           0.58 (0.49, 0.69)   0.000   0.94 (0.77, 1.14)   0.536            2.08 (0.85, 5.08)   0.108   1.90 (0.82, 4.38)   0.134
  N\>50                                           0.79 (0.63, 0.98)   0.029   0.99 (0.83, 1.12)   0.921            1.92 (1.13, 3.27)   0.016   1.69 (1.10, 2.60)   0.017

**Abbreviations:** PFS, progression-free survival; OS, overall survival; ORR, object response rate; AEs, adverse events.
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